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ESTIMATION METHOD

(67)  There are provided a display device which can
accurately estimate an ambient temperature around the
display device, a computer program, a recording medi-
um, and a method for estimating an ambient temperature.
A panel temperature sensor 10 and a switch board tem-
perature sensor 20 are disposed in different positions of
a display device 100. A control unit 30 specifies correla-
tion information indicating the correlation between a first
temperature difference ATp between a temperature Tp
detected by the panel temperature sensor 10 and an am-
bient temperature Te, and a second temperature differ-
ence ATs between a temperature Ts detected by the
switch board temperature sensor 20 and the ambient
temperature Te. The control unit 30 estimates the ambi-
ent temperature Te on the basis of the specified corre-
lation information and the temperatures Tp and Ts de-
tected by the panel temperature sensor 10 and the switch
board temperature sensor 20.

DISPLAY DEVICE, COMPUTER PROGRAM, RECODING MEDIUM, AND TEMPERATURE
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a display device which can estimate an ambient temperature around the display
device, a computer program for estimating an ambient temperature around a display device, a recording medium having
the computer program recorded thereon, and a method for estimating a temperature.

BACKGROUND ART

[0002] A display device including a display panel, such as a liquid crystal panel, displays the gradation of an image
by changing light transmittance for each pixel of the liquid crystal panel and thus controlling the amount of light which
is emitted from a backlight disposed on the back surface and transmitted through the panel. Since there are individual
differences in gamma characteristics among liquid crystal panels, gradation characteristics specific to each display
device are corrected in the manufacturing process to achieve a desired gradation characteristics.

[0003] However, the gamma characteristics of a display device vary depending on the display panel temperature. The
display panel temperature is obtained by adding the ambient temperature to the temperature of the device itself whose
circuit is generating heat. Accordingly, if the ambient temperature around a display device in actual use by a user is
different fromthe ambient temperature around the display device in the manufacturing process, the gamma characteristics
of the display device are also different between the two circumstances. Consequently, the desired gradation represen-
tation or hue may not be reproduced when the display device is actually used. Conventionally, gradation characteristics
or the like have been temperature-compensated to maintain gradation representation or color reproducibility at any
display panel temperature. However, exact measurement of the display panel temperature requires working on the
display panel such as disposition of a temperature sensor inside the panel, resulting in a significant cost increase. For
this reason, conventionally, gradation characteristics or the like have been temperature-compensated using a temper-
ature which can be measured easily outside the display panel.

[0004] Disclosed as the related art is a display device including an outside air temperature detection unit configured
to detect an outside air temperature outside the exterior unit of a liquid crystal display device, an internal temperature
detection unit configured to detect an internal temperature inside the exterior unit, and a liquid crystal drive circuit
configured to output a drive voltage corresponding to the difference between an outside air temperature and an internal
temperature detected by the respective temperature detection units (see Patent Document 1).

Prior Art Documents

Patent Documents

[0005] Patent Document 1: Japanese Unexamined Patent Application Publication No. 10-253946
SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] While the device of Patent Document 1 has, outside the exterior unit, the temperature detection unit, which is
supposed to detect an outside air temperature, the temperature detection unit has difficulty in accurately detecting an
outside air temperature since it is actually influenced by heat generated inside the display device (e.g., heat generated
by such as the backlight serving as a light source for the display panel). In terms of the design or use of the display
device, it is unrealistic and actually impracticable to dispose a temperature detection unit such as a temperature sensor
in a position which is not influenced by heat generated by the display device itself.

[0007] The present invention has been made in view of the foregoing, and an object thereof is to provide a display
device which can accurately estimate an ambient temperature around the display device, a computer program for
estimating an ambient temperature around a display device, a recording medium having the computer program recorded
thereon, and a method for estimating a temperature.

MEANS FOR SOLVING THE PROBLEMS

[0008] A first aspect of the present invention provides a display device having a display panel disposed in a casing
and comprising:
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two or more temperature sensors disposed in different positions;

specification means configured to specify correlation information indicating a correlation between temperatures
detected by the temperature sensors; and

estimation means connected to estimate an ambient temperature on the basis of the correlation information specified
by the specification means and the temperatures detected by the temperature sensors.

[0009] In a second aspect of the present invention, the display device of the first aspect of present invention further
comprises a backlight for the display panel,

wherein the specification means specifies one of different pieces of correlation information on the basis of a comparison
of the temperatures detected by the temperature sensors with a predetermined threshold temperature, and

wherein the estimation means estimates the ambient temperature using the one piece of correlation information specified
by the specification means.

[0010] In a third aspect of the present invention, the display device of the second aspect of the present invention
further comprises setting means configured to set the amount of light of the backlight, wherein

the specification means specifies correlation information using the predetermined threshold temperature corresponding
to the amount of light set by the setting means.

[0011] A fourth aspect of the present invention provides a computer program for causing a computer to estimate an
ambient temperature around a display device having a display panel disposed in a casing, the computer program causing
the computer to perform the steps of:

specifying correlation information indicating a correlation between temperatures detected by two or more temperature
sensors disposed in different positions of the display device; and

estimating the ambient temperature on the basis of the specified correlation information and the temperatures
detected by the temperature sensors.

[0012] A fifth aspect of the present invention provides a computer-readable recording medium, wherein the computer
program of the fourth aspect of the present invention is recorded in the recording medium.

[0013] A sixth aspect of the present invention provides a method for estimating an ambient temperature around a
display device having a display panel disposed in a casing, comprising:

specifying correlation information indicating a correlation between temperatures detected by two or more temperature
sensors disposed in different positions of the display device; and

estimating the ambient temperature on the basis of the specified correlation information and the temperatures
detected by the temperature sensors.

[0014] Inthefirst, fourth, fifth, and sixth aspects of the present invention, two or more temperature sensors are disposed
in different positions of the display device. The temperature sensors may be disposed adjacent to the display panel or
disposed in positions remote therefrom. Preferably, the temperature sensors are disposed in positions whose temper-
atures change in a different manner until reaching thermal equilibrium. The expression "temperatures change in a
different manner until reaching thermal equilibrium" means, for example, that the temperatures rise in a different manner
in the same period of time. In this case, at least two temperature sensors are required.

[0015] The specification means specifies correlation information indicating the correlation between the temperatures
detected by the temperature sensors. The method for specifying correlation information may be, for example, to previously
store correlation information in storage means or to calculate correlation information using a formula representing a
correlation. In the following description, it is assumed that the display device is provided with two temperature sensors,
first and second temperature sensors; the difference between a temperature Tp detected by the first temperature sensor
and an ambienttemperature Te is defined as a first temperature difference ATp; and the difference between atemperature
Ts detected by the second temperature sensor and the ambient temperature Te is defined as a second temperature
difference ATs. The term "correlation" refers to the temporal relation between the first temperature difference ATp and
the second temperature difference ATs and is represented by a relational expression between the second temperature
difference ATs and (ATp-ATs). The second temperature difference ATs is the difference between the temperature Ts
and the ambient temperature Te, and (ATp-ATSs) is the difference between the temperature Tp and the temperature Ts.
As used herein, the ambient temperature is the ambient temperature around the display device, that is, a temperature
which is not influenced by such as temperature rises caused by heat generated by the display device. Accordingly, when
the display device is indoors, the ambient temperature is approximately equal to the indoor temperature; when the display
device is outdoors, it is approximately equal to the outdoor temperature.

[0016] Theestimation means estimates the ambienttemperature Te on the basis of the specified correlation information
and the temperatures detected by the temperature sensors. For example, if the temperatures Tp and Ts can be detected,
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(ATp-ATs) can be obtained. Then the ambient temperature Te can be estimated using the correlation between (ATp-
ATs)and the temperature difference ATs, which is the difference between the temperature Ts and the ambient temperature
Te. Thus, it is possible to accurately estimate the ambient temperature, which influences characteristics (gamma char-
acteristics) of the display panel. Further, since the correlation is the correlation between time-varying temperature rises
with respect to the ambient temperature, it is possible to accurately estimate the ambient temperature, not only when
the display device is placed in a thermally stable state, but also, for example, when the display device, having no heat
generated by the circuit thereof or convective heat, is placed in a thermally transition state for a certain time immediately
after the display device is powered on. Furthermore, there is no need to dispose temperature sensors in positions which
are not influenced by heat generated by the display device.

[0017] In the second aspect of the present invention, the display device further includes a backlight for the display
panel, and the two or more temperature sensors are disposed in different positions. For example, the temperature
sensors are disposed in different positions adjacent to the backlight. In this case, the temperature sensors may be in
contact with the backlight or separate therefrom, as long as the temperature sensors are disposed within a range where
they are influenced by heat (conductive heat or radiant heat) generated by the backlight. The temperature (the temperature
which influences characteristics of the display panel) inside the casing housing the display panel is derived from the
ambient temperature, heat (e.g., conductive heat or radiant heat) generated by the backlight acting as a main heat-
generating component, and the convection in the casing. When the display device starts to operate (for example, im-
mediately after the display device is powered on), the convection in the casing is very small and the influence of heat
generated by the backlight is very small as well. Accordingly, the temperatures Tp and Ts detected by the first and
second temperature sensors can be regarded as being the same.

[0018] Subsequently, heat generated by the backlight raises the temperatures Tp and Ts detected by the first and
second temperature sensors. Since the first and second temperature sensors are disposed in different positions adjacent
to the backlight, the temperature rises (Tp-Te) (Ts-Te) become different from each other with time, that is, the first
temperature difference ATp and the second temperature difference ATs increase at different rates with time. Specifically,
in a certain period immediately after the display device having no heat generated by the circuit thereof or convective
heatis powered on, the first temperature difference ATp and the second temperature difference ATs increase at different
rates with time. During this period, the temperatures are significantly influenced by conductive heat or radiant heat from
the backlight, but influenced by the convection in the casing to only a negligible extent. This state is a so-called transition
state (may also be referred to as a first stage).

[0019] After the first temperature difference ATp and the second temperature difference ATs increase to some extent,
the display device is placed in a thermally stable state derived from not only conductive heat or radiant heat from the
backlight but also the convection in the casing, that is, placed in so-called thermal equilibrium (may be referred to as a
second stage). The correlation between the first temperature difference ATp and the second temperature difference ATs
in this thermal equilibrium state differs from that in the first stage. That is, since the temperature in the casing is stabilized,
the first temperature difference ATp and the second temperature difference ATs increase at similar rates with time.
[0020] The specification means specifies one of different pieces of correlation information. For example, when the
difference temperature (ATp-ATs) between the first temperature difference ATp and the second temperature difference
ATsis smaller than a predetermined threshold temperature ATth, the specification means specifies correlation information
where the first temperature difference ATp and the second temperature difference ATs increase at different rates with
time; when the difference temperature (ATp-ATS) is greater than the predetermined threshold temperature ATth, it
specifies correlation information where the first temperature difference ATp and the second temperature difference ATs
increase at similar rates with time. The predetermined threshold temperature ATth refers to the temperature at which
the second stage (thermal equilibrium) starts. The estimation means estimates the ambient temperature using the
specified correlation information. For example, the estimation means estimates the ambient temperature on the basis
of the correlation information specified according to whether the difference temperature (ATp-ATs) is greater or smaller
than the threshold temperature ATth.

[0021] Thus, the ambient temperature can be accurately estimated, for example, even when the display device having
no heat generated by the circuit thereof or convective heat is placed in a thermally transition state for a certain time
immediately after the display device is powered on, or even when the display device is placed in a thermally stable state
(thermal equilibrium).

[0022] In the third aspect of the present invention, the display device further includes the setting means configured to
set the amount of light of the backlight. The setting means is, for example, an operation panel, operation switch, or the
like for setting the amount of light. By setting the amount of light, it is possible to change a drive signal outputted to the
backlight to change the amount of drive of the backlight. Thus, it is possible to adjust light emitted from the backlight,
that is, the luminance of the display panel. Examples of the drive signal of the backlight include a pulse signal and a DC
signal. For the former, a change to the duty ratio of a pulse (PWM value) corresponds to a change to the amount of
drive; for the latter, a change to DC level corresponds to a change to the amount of drive.

[0023] The specification means specifies a threshold temperature corresponding to the set amount of light and cor-
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relation information corresponding to the threshold temperature. For example, there may be used a calculation circuit
for obtaining a threshold temperature ATth corresponding to the set amount of light and obtaining the correlation between
the first temperature difference ATp and the second temperature difference ATs corresponding to the threshold temper-
ature ATth. There may be previously stored multiple different threshold temperatures ATth corresponding to the amounts
of light of the backlight as well as multiple different pieces of correlation information between the first temperature
difference ATp and the second temperature difference ATs corresponding to threshold temperatures. The threshold
temperature ATth is the temperature at which the second stage starts, and depends on the amount of heat generated
by the backlight. The amount of heat generated by the backlight corresponds to the amount of drive of the backlight, for
example, the duty ratio (PWM value) of a drive signal outputted to the backlight. For this reason, multiple different
threshold temperatures ATth corresponding to the amounts of light of the backlight are predetermined, and different
pieces of correlation information between the first temperature difference ATp and the second temperature difference
ATs corresponding to the threshold temperatures ATth are predetermined.

[0024] The estimation means estimates the ambient temperature using the correlation information corresponding to
the set amount of light. Specifically, the estimation means determines a threshold temperature ATth corresponding to
the set amount of light, determines correlation information corresponding to the determined threshold temperature ATth,
and estimates the ambient temperature using the determined correlation information. Thus, even when the amount of
light of the backlight is changed, the estimation means can accurately estimate the ambient temperature.

EFFECT OF THE INVENTION

[0025] According to the present invention, not only when the display device is placed in a thermally stable state, but
also, for example, when it is placed in a thermally transition state after powered on, the ambient temperature can be
accurately estimated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a perspective view showing the appearance of a main part of a display device of the present embodiment.
Fig. 2 is a side view showing the appearance of the main part of the display device of the present embodiment.
Fig. 3 is a block diagram showing an example configuration of the display device of the present embodiment.

Fig. 4 is a graph showing an example of temperature changes in the display device of the present embodiment.
Fig. 5 is a diagram showing examples of the correlation between display device-derived temperatures of the present
embodiment.

Fig. 6 is a conceptual diagram showing an example where the ambient temperature is estimated based on a cor-
relation.

Fig. 7 is a conceptual diagram showing another example where the ambient temperature is estimated based on a
correlation.

Fig. 8 is a graph showing an example of the relationship between the duty ratio of a drive signal outputted to a
backlight and a threshold temperature ATth.

Fig. 9 is a graph showing an example of temperature changes in the display device when a switch board temperature
sensor is disposed in a position where the switch board temperature sensor is not directly influenced by heat
generated by the backlight.

Fig. 10is a graph showing an example of the temperature-dependence of gamma characteristics of the display panel.

EMBODIMENTS

[0027] Now, a display device, a computer program, a recording medium, and a method for estimating a temperature
of the present invention will be described with reference to the drawings showing an embodiment. Fig. 1 is a perspective
view showing the appearance of a main part of a display device 100 of the present embodiment. Fig. 2 is a side view
showing the appearance of the main part of the display device 100 of the present embodiment.

[0028] In the display device 100, a synthetic-resin or metal casing 1 houses a display panel 2, a backlight 3, a circuit
substrate (not shown), and the like. The backlight 3 is disposed on the back of the display panel 2 and includes, for
example, a light source such as a cold cathode fluorescent lamp (CCFL) or light-emitting diode (LED), an optical member
configured to apply light from the light source to the back of the display panel 2 by reflecting or diffusing the light, and
the like. The casing 1 has, on the front thereof, an operation switch 4 to which a switch board

[0029] (not shown) is connected. Fixed to the back of the casing 1 is a stand 5. The stand 5 supports the back of the
casing 1 in such a manner that the display surface is inclined at approximately a right angle or a desired angle to the
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desktop, floor, or the like.

[0030] Disposed adjacentto the display panel 2is a panel temperature sensor 10 serving as a first temperature sensor.
Since the panel temperature sensor 10 is disposed adjacent to the panel, the temperature detected thereby is not the
temperature of the display panel itself but the temperature where the ambient temperature is added to the display device-
derived temperature. A switch board temperature sensor 20 serving as a second temperature sensor is disposed on the
switch board, which is connected to the operation switch 4. That is, since the switch board temperature sensor 20 is
disposed in a position different from the panel temperature sensor 10, the temperature detected thereby changes in a
manner different from that in which the temperature detected by the panel temperature sensor 10 changes, until reaching
thermal equilibrium.

[0031] The expression "adjacent to the display panel 2" refers to within a range which is not remote from the display
panel 2 so that a temperature which is as close as possible to the temperature of the display panel 2 (e.g., the internal
temperature of the display panel 2) can be detected. In this case, the panel temperature sensor 10 may be in contact
with or separate from the display panel 2, as long as the panel temperature sensor 10 is disposed within a range where
it is influenced by heat (conductive heat or radiant heat) generated by the display panel 2. Note that the switch board
temperature sensor 20 may be disposed adjacent to the display panel 2 or disposed in a position remote from the display
panel 2. The expression "the temperatures change in a different manner until reaching thermal equilibrium" means, for
example, that the temperatures rise at different rates in the same period. Two or more temperature sensors may be
disposed.

[0032] More specifically, in the examples of Figs. 1 and 2, the panel temperature sensor 10 and the switch board
temperature sensor 20 are disposed in different positions adjacent to the backlight 3. These temperature sensors may
be in contact with or separate from the backlight 3, as long as the temperature sensors are disposed in a range where
they are influenced by heat (conductive heat or radiant heat) generated by the backlight 3. In Figs. 1 and 2, the temperature
sensors are disposed inside the casing. However, the temperature sensors may be disposed outside the casing, as long
as they are disposed in a range where they are influenced by heat generated by the display panel 2.

[0033] Fig. 3isablock diagram showing an example configuration of the display device 100 of the presentembodiment.
The display device 100 includes a control unit 30, a memory 17, a signal input unit 11, a preceding lookup table (LUT)
12, a color control unit 13, an unevenness correction unit 14, a subsequent lookup table (LUT) 15, a display panel drive
unit 16, the backlight 3, a backlight drive unit 18, the display panel 2, the operation switch 4, the panel temperature
sensor 10 serving as the first temperature sensor, the switch board temperature sensor 20 serving as the second
temperature sensor, and the like. The display device 100 is connected to an external personal computer (PC) 200 through
a signal line.

[0034] The signal input unit 11 has a connection terminal which is connected to an external device such as the PC
200 through a cable. The signal input unit 11 receives a video signal from the PC 200 and outputs the received video
signal to the preceding LUT 12. The video signal that the signal input unit 11 receives from the PC 200 may be an analog
signal or digital signal. While color video signals are used in the embodiment below, monochrome video signals may be
used. In this case, a component for color video signals, such as the color control unit, becomes unnecessary.

[0035] The preceding LUT 12 includes, for example, LUTs corresponding to R (red), G (green), and B (blue). In each
LUT, input gradation levels indicated by received video signals and levels (output values) corresponding to the input
gradation levels and to be inputted to the display panel 2 (more specifically, subsequent LUT 15) are associated with
each other. In the preceding LUT 12, each input gradation level is represented by, e.g., 8 bits, and output gradation
levels (output values) each represented by, e.g., 14 bits are stored in 256 entries corresponding to 256 gradation levels
of 0 to 255. The preceding LUT 12 is configured so that the user can set gradation characteristics (e.g., the user can
set a gamma value). Thus, the user can achieve a desired gradation characteristics.

[0036] Under the control of the control unit 30, the color control unit 13 color-adjusts (color-controls) an output value
(output gradation level) outputted from the preceding LUT 12, for example, by intensifying or weakening particular color
components using a 3X3 matrix (color conversion matrix D) consisting of conversion coefficients corresponding to R,
G, and B components.

[0037] Under the control of the control unit 30, the unevenness correction unit 14 corrects unevenness of on an output
gradation level (output value) outputted from the color control unit 13 and outputs the corrected output gradation level
(output value) to the subsequent LUT 15.

[0038] The subsequent LUT 15 functions as gradation-level correction means and includes, for example, LUTs cor-
responding to R (red) G (green), and B (blue). The subsequent LUT 15 corrects the output gradation level to represent
smooth gradation on the display panel 2 so that different gradation characteristics exhibit an ideal gamma value (sub-
sequent gamma; e.g., 2.2), and then outputs the corrected output gradation level (corrected signal) to the display panel
drive unit 16.

[0039] The display panel drive unit 16 includes a gate driver, a source driver, and the like and drives the display panel
2 on the basis of the correction signal received from the subsequent LUT 15 under the control of the control unit 30.
[0040] The display panel 2 is, for example, a liquid crystal panel where a pair of glass substrates are disposed as
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opposed to each other; a liquid crystal layer including a liquid crystal material is formed in the gap therebetween; one
ofthe glass substrates is provided with multiple pixel electrodes and TFTs having drains connected to the pixel electrodes;
and the other glass substrate is provided with a common electrode. The gates and sources of the TFTs are connected
to the output terminals of a gate driver and those of a source driver, respectively.

[0041] The display panel 2 on-off controls the TFT of each pixel using a gate signal received from the gate driver. It
also controls optical transmittance, which is determined by electro-optic characteristics of the liquid crystal material, and
displays an image in gradation by applying an output voltage (a level inputted to the display panel 2) received from the
source driver to the TFT of each pixel during the ON period. The display panel 2 is sandwiched between a pair of
polarizing plates and has the backlight 3 disposed on the back thereof.

[0042] Assuming that the backlight 3 is of pulse-driven type, the backlight drive unit 18 outputs a drive signal having
a desired duty ratio (PWM value) to the backlight under the control of the control unit 30 3 to change the amount of drive
of the backlight 3. Thus, it is possible to adjust light emitted from the backlight 3, that is, the luminance of the display
panel 2. The backlight 3 need not necessarily be of pulse-driven type and may be of a drive type such as DC-driven
type. In this case, the backlight drive unit 18 changes the DC level to a desired level to adjust luminance.

[0043] The operation switch 4 functions as setting means for setting the adjustment values of the display device 100,
including the amount of light. By setting the amount of light of the backlight 3 using the operation switch 4, the user can
change the duty ratio (PWM value) of a drive signal outputted to the backlight 3 by the backlight drive unit 18 so as to
change the amount of drive of the backlight 3. Thus, the user can adjust light emitted from the backlight 3, that is, the
luminance of the display panel. Note that an operation panel or the like may be used in place of the operation switch.
[0044] The control unit 30 functions as specification means for specifying correlation information indicating the corre-
lation between a first temperature difference ATp serving as the difference between a temperature Tp detected by the
panel temperature sensor (first temperature sensor) 10 and an ambient temperature Te and a second temperature
difference ATs serving as the difference between a temperature Ts detected by the switch board temperature sensor
(second temperature sensor) 20 and the ambient temperature Te.

[0045] Correlation information may be specified by previously storing pieces of correlation information in the memory
17, or the control unit 30 may calculate correlation information using a formula representing a correlation. The term
"correlation" refers to the temporal relation between the first temperature difference ATp and the second temperature
difference ATs and is represented, for example, by a relational expression between the second temperature difference
ATs and (ATp-ATs). The second temperature difference ATs is the difference between the temperature Ts and the
ambient temperature Te, and (ATp-ATS) is the difference between the temperature Tp and the temperature Ts. As used
herein, the ambient temperature is the ambient temperature around the display device 100 and is a temperature which
is not influenced (e.g., not raised) by heat generated by the display device 100.

[0046] Fig. 4 is a graph showing an example of temperature changes in the display device 100 of the present embod-
iment. More specifically, Fig. 4 shows temporal changes (temperature rises) in the first temperature difference ATp(t)
and the second temperature difference ATs(t). The horizontal axis represents elapsed time, and the vertical axis repre-
sents a temperature rise. As described above, the first temperature difference ATp(t) is a temperature obtained by
subtracting the ambient temperature Te from the temperature Tp(t) detected by the panel temperature sensor 10 and
represents the temperature rise of the panel. Similarly, the second temperature difference ATs(t) is a temperature
obtained by subtracting the ambient temperature Te from the temperature Ts(t) detected by the switch board temperature
sensor 20 and represents the temperature rise of the switch substrate. In the following description, Tp(t), Ts(t), ATp(t),
and ATs(t) are expressed as Tp, Ts, ATp, and ATs, respectively, for the sake of simplification.

[0047] The temperature (the temperature which influences characteristics of the display panel 2) inside the casing 1
housing the display panel 2 is derived from the ambient temperature Te, heat (e.g., conductive heat or radiant heat)
generated by the backlight 3 acting as a main heat-generating component, and the convection in the casing 1. When
the display device includes a power supply circuit (not shown), the power supply circuit also acts as a main heat-
generating component. Immediately after the display device 100 having no such heat or convective heat in the casing
1 and thus being cooled is powered on, the display device 100 is influenced by heat generated by the backlight 3 to only
a very small extent, and the convection in the casing 1 associated with such heat is also very small. For this reason, the
temperatures Tp and Ts detected by the panel temperature sensor 10 and the switch board temperature sensor 20 can
be regarded as being the same. That is, the first temperature difference ATp and the second temperature difference
ATs can be regarded as being the same.

[0048] Subsequently, heat generated by the backlight 3 raises the temperatures Tp and Ts detected by the panel
temperature sensor 10 and the switch board temperature sensor 20. Since the panel temperature sensor 10 and the
switch board temperature sensor 20 are disposed in different positions adjacent to the backlight 3, the temperature rises
(Tp-Te) and (Ts-Te) occur in a different manner with time, in other words, the first temperature difference ATp and the
second temperature difference ATs increase at different rates with time. The temporal increases in the first temperature
difference ATp and the second temperature difference ATs can approximate lines having different slopes. That is, in the
period immediately after the power is turned on, the first temperature difference ATp and the second temperature



10

15

20

25

30

35

40

45

50

55

EP 2781 901 A1

difference ATs increase at different rates with time. In this period, the display device is significantly influenced by con-
ductive heat or radiant heat from the backlight 3. This period is a so-called transition state period (may also be referred
to as a first stage or a linear-approximation area).

[0049] Atfter the first temperature difference ATp and the second temperature difference ATs have increased to some
extent (after time t1 in Fig. 4), the display device is influenced by not only conductive heat or radiant heat from the
backlight 3 but also the convection in the casing 1 and thus placed in a thermally stable state, that is, so-called thermal
equilibrium (may also be referred to as a second stage). In this thermal equilibrium state, the correlation between the
first temperature difference ATp and the second temperature difference ATs differs from that in the first stage, and the
temperature in the casing is stabilized. For this reason, the first temperature difference ATp and the second temperature
difference ATs can be determined to increase at similar rates with time.

[0050] Hereafter, the sum of the temperature derived from conductive heat or radiant heat from the backlight 3 and
the temperature derived from the convection in the casing will be referred to as the display device-derived temperature.
The present invention takes note of the fact that there is a correlation between the display device-derived temperature
included in the temperature detected by the panel temperature sensor 10 and the display device-derived temperature
included in the temperature detected by the switch board temperature sensor 20. This correlation will be described in
detail below. Note that the correlation described below is a correlation when the panel temperature sensor 10 and the
switch board temperature sensor 20 are disposed adjacent to the backlight 3 and influenced by conductive heat or
radiant heat from the backlight 3.

ATp(t)=axt _ e (1)
ATs(t)=bxt cee(2)
ATp(t) — ATs(t) = (a — b) x t « - (3)
ATs(t) = Ax {ATp(t) - ATs(1)} - e (4)
b
A= . (5)
a—-b ' :

[0051] As shown in Fig. 4, in the linear-approximation area, the first temperature difference ATp can approximate a
line, as shown in Formula (1), and the second temperature difference ATs can approximate a line, as shown in Formula
(2). In these formulas, a and b each represent a slope when linear approximation is obtained. Subtraction of both sides
of Formula (2) from both sides of Formula (1) gives Formula (3). Accordingly, ATs(t) can be represented as in Formula
(4). A coefficient A can be represented by Formula (5). That is, in the linear-approximation area (first stage, transition
state), there is a correlation represented by Formula (4) between the first temperature difference ATp(t) and the second
temperature difference ATs(t) and more specifically between the second temperature difference ATs(t) and {ATp(t)-
ATs(t)}.

[0052] As shown in Fig. 4, the temperature rise of the panel on the boundary between the linear-approximation area
and the thermal equilibrium area is defined as Tthp, and the temperature rise of the switch substrate on that boundary
is defined as Tths. In the thermal equilibrium area, the ratio of the temperature rise to the elapsed time is small. Accordingly,
the time constant tp of temperature change of the panel temperature sensor 10 and the time constant ts of temperature
change of the switch board temperature sensor 20 can be regarded as the same value 1. Thatis, in the thermal equilibrium
area, the first temperature difference ATp and the second temperature difference ATs can be determined to increase at
similar rates with time.
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ATp(r)=(Tmax p-Trhp)x (1=e ©)+Tthp L (8)

€t
ATs(t)=(Tmaxs — Tths)x (1—e )+ Tths c e (T7)

A_Tp,(t) = ATs(t) = {(T max p — T maxs) — (Tthp - Tths)}

t
x(1—e 7))+ (Tthp — Tths) .o (8)

t .
——. ATs(t)—Tths

—e )= - (9)
i-e*) T max— Tths

ATs(t) - Tths

() - ATs(t) = — ATth + ATth 02 (10)
ATp(t) — ATs(t) = (AT max— ATt )x T ma—Tths |
AT max = T max p — T maxs s e (1)
ATth=Tthp — Tths -2 (12)
ATs(f) = Bx (ATp(t) — ATs(t) - ATth)+ C x ATth +++(13)
=Tmaxs‘Tths Ce o (14)
AT max- ATth
__ Tths e (15)
Tthp — Tths

[0053] Accordingly, in the thermal equilibrium area shown in Fig 4, the first temperature difference ATp(t), which is the
temperature rise of the panel, can be represented by Formula (6); the second temperature difference ATs(t), which is
the temperature rise of the switch substrate, can be represented by Formula (7). In Formula (6), Tmaxp represents the
maximum value (highest value) of the temperature rise of the panel and can have a value such as 3°C, 4°C, or 5°C.
Note that the maximum value (highest value) of the temperature rise of the panel can vary depending on the mounting
position of the panel temperature sensor 10. In Formula (7), Tmasx represents the maximum value (highest value) of
the temperature rise of the switch substrate and depends on the mounting position of the switch board temperature
sensor 20. Subtraction of both sides of Formula (7) from both sides of Formula (6) gives Formula (8). Formula (9) can
be obtained from Formula (7), and Formula (10) can be obtained by substituting Formula (9) into Formula (8). ATmax
can be represented by Formula (11), and ATth can be represented by Formula (12). Formula (13) can be obtained from
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Formula (10). Coefficients B and C can be represented by Formulas (14) and (15), respectively. That is, in the thermal
equilibrium area (second stage, stable state), there is a correlation represented by Formula (13) between the first
temperature difference ATp(t) and the second temperature difference ATs(t) and more specifically between the second
temperature difference ATs(t) and {ATp(t)-ATs(t)}.

[0054] Fig. 5 is a diagram showing examples of the correlation between temperatures derived from the display device
100 of the present embodiment. As shown in Fig. 5, when the difference (ATp-ATs) between the first temperature
difference ATp(t), which is the temperature rise of the panel, and the second temperature difference ATs(t), which is the
temperature rise of the switch substrate, is smaller than the predetermined threshold temperature ATth, a correlation
where the first temperature difference ATp and the second temperature difference ATs increase at different rates with
time, as shown in Fig. 4 and Formulas (1) and (2), is selected, that is, ATs(t)=AX{ATp(t)-ATs(t)} is selected. Features
of this correlation include, for example, the following: this correlation can be used in the area where the temperature rise
can approximate a line; this correlation represents the stage in which only heat generated by the backlight 3 is considered;
and the temperatures detected by the panel temperature sensor 10 and the switch board temperature sensor 20 increase
at different rates. The predetermined threshold temperature ATth represents the temperature at which the second stage
(thermal equilibrium) starts. The predetermined threshold temperature ATth may have a value such as 1.5°C, 2°C, or
2.5°C.

[0055] On the other hand, when the difference (ATp-ATs) between the first temperature difference ATp(t), which is the
temperature rise of the panel, and the second temperature difference ATs(t), which is the temperature rise of the switch
substrate, is greater than the predetermined threshold temperature ATth, a relation where the first temperature difference
ATp and the second temperature difference ATs increase at similar rates with time, as shown in Fig. 4 and Formulas
(6) and (7), is selected, that is, ATs(t)=BX{ATp(t)-ATs(t)-ATth}+CXATth is selected. Features of this correlation include,
for example, the following: this correlation can be used in the thermal equilibrium area; this correlation represents the
stage where not only heat generated by the backlight 3 but also the convection in the casing 1 should be considered;
and the temperatures detected by the panel temperature sensor 10 and the switch board temperature sensor 20 rise at
similar rates.

[0056] The control unit 30 functions as means for estimating the ambient temperature. The control unit 30 estimates
the ambient temperature Te on the basis of the specified correlation information and the temperatures Tp and Ts detected
by the first and second temperature sensors.

[0057] When the difference temperature (ATp-ATs) between the first temperature difference ATp and the second
temperature difference ATs is smaller than the predetermined threshold temperature ATth, the control unit 30 estimates
the ambient temperature using the correlation (correlation information) where the first temperature difference ATp and
the second temperature difference ATs increase at different rates with time; when the difference temperature (ATp-ATSs)
between the firsttemperature difference ATp and the second temperature difference ATs is greater than the predetermined
threshold temperature ATth, the control unit 30 estimates the ambient temperature using the correlation (correlation
information) where the first temperature difference ATp and the second temperature difference ATs increase at similar
rates with time. The predetermined threshold temperature ATth represents the temperature at which the second stage
(thermal equilibrium) starts.

[0058] Fig. 6 is a conceptual diagram showing an example where the ambient temperature is estimated based on a
correlation. In Fig. 6, bar charts show the panel temperature Tp and the switch substrate temperature Ts, respectively,
and show values from the temperature 0°C. Although the term "the panel temperature Tp" is used herein for the sake
of convenience, the panel temperature Tp is not the temperature of the panel itself and is, to be precise, the sum of the
display device-derived temperature and the ambient temperature. As shown in Fig. 6, it is not possible to know the
ambient temperature Te by simply detecting the panel temperature Tp and the switch substrate temperature Ts.
[0059] However, the ambient temperature Te can be obtained from the panel temperature Tp and the switch substrate
temperature Ts by using the correlation between the display device 100-derived temperature (the sum of the temperature
derived from heat generated by the backlight 3 and the temperature derived from the convection in the casing 1) included
in the first temperature difference ATp, which is the temperature rise of the panel, and the display device 100-derived
temperature included in the second temperature difference ATs, which is the temperature rise of the switching substrate.
[0060] That is, if the panel temperature Tp and the switch substrate temperature Ts can be detected, (ATp-ATs) can
be obtained, and the ambient temperature Te can be estimated using the correlation between (ATp-ATs) and the tem-
perature difference ATs between the temperature Ts and the ambient temperature Te.

[0061] Fig. 7 is a conceptual diagram showing another example where the ambient temperature is estimated based
on a correlation. Fig. 7 is essentially the same as Fig. 6 but is represented in a different form. As shown in Fig. 7, if the
panel temperature Tp and the switch substrate temperature Ts can be detected, (Tp-Ts) is the same as (ATp-ATs).
When a correlation graph representing the correlation between ATp and ATs is moved so that (ATp-ATs) on that graph
is matched with the obtained (ATp-ATs), the position of the horizontal axis of the correlation graph represents the ambient
temperature Te.

[0062] Thus, it is possible to accurately estimate the ambient temperature, which influences characteristics (e.g.,
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gamma characteristics) of the display panel. Since the correlation represents the time-varying temperature rise with
respect to the ambient temperature, the ambient temperature can be accurately estimated not only when the display
device is placed in a thermally stable state, but also, for example, when the display device is placed in a thermally
transition state for a certain time immediately after the display device having no heat generated by the circuit thereof or
convective heat is powered on. Further, there is no need to dispose temperature sensors in positions which are not
influenced by heat generated by the display device.

[0063] The controlunit 30 specifies a threshold temperature corresponding to the amount of light set using the operation
switch 4 and correlation information between the first and second temperature differences corresponding to the threshold
temperature. For example, the control unit 30 may specify correlation information by obtaining a threshold temperature
ATth corresponding to the set amount of light and then calculating the correlation between the first temperature difference
ATp and second temperature difference ATs corresponding to the threshold temperature ATth. Alternatively, the control
unit 30 may specify correlation information by previously storing, in the memory 17, multiple different threshold temper-
atures ATth corresponding to the amounts of light of the backlight 3 and multiple different pieces of correlation information
between the first temperature difference ATp and the second temperature difference ATs corresponding to the different
threshold temperatures and then referring to the pieces of correlation information.

[0064] Fig. 8 is a graph showing an example of the relationship between the duty ratio of a drive signal outputted to
the backlight 3 and the threshold temperature ATth. The threshold temperature ATth is the temperature at which the
second stage starts, and depends on the amount of heat generated by the backlight 3. The amount of heat generated
by the backlight 3 corresponds to the amount of drive of the backlight 3, that is, the duty ratio (PWM value) of a drive
signal outputted to the backlight 3. For this reason, multiple different threshold temperatures ATth corresponding to the
amounts of light of the backlight 3 are predetermined, and different pieces of correlation information between the first
temperature difference ATp and the second temperature difference ATs corresponding to the threshold temperatures
ATth are predetermined.

[0065] As shown by circles in Fig. 8, threshold temperatures ATth corresponding to some representative values (e.g.,
three to five values) of the duty ratio may be predetermined, and the values between the representative values may be
obtained by linear interpolation.

[0066] The control unit 30 estimates the ambient temperature using the correlation information corresponding to the
set amount of light. Specifically, the control unit 30 determines a threshold temperature ATth corresponding to the set
amount of light, determines correlation information corresponding to the determined threshold temperature ATth, and
estimates the ambient temperature using the determined correlation information. Thus, even when the amount of light
of the backlight 3 is changed, the ambient temperature can be accurately estimated.

[0067] In the above example, the values of A, B, and C serving as coefficients in the formulas representing the
correlation between the first temperature difference ATp and the second temperature difference ATs can be changed
according to the shape or size of the display device 100, the positional relationship between the display panel and the
backlight, the mounting positions of the temperature sensors 10 and 20, or the like. For this reason, it is only necessary
to previously obtain A, B, and C as parameters.

[0068] The ambient temperature around the display device of the present embodiment may be estimated as follows.
Thatis, the ambienttemperature is estimated by previously storing, in a computer-readable recording medium, a computer
program representing a process including steps, such as specifying correlation information indicating the correlation
between the first temperature difference between the temperature detected by the panel temperature sensor 10 disposed
adjacent to the display panel 2 and the ambient temperature and the second temperature difference between the tem-
perature detected by the switch board temperature sensor 20 disposed in a position different from the panel temperature
sensor 10 so that the temperature changes at a different rate until reaching thermal equilibrium and the ambient tem-
perature and estimating the ambient temperature on the basis of the specified correlation information and the temper-
atures detected by the panel temperature sensor 10 and the switch board temperature sensor 20, and then causing a
personal computer including a recording-medium reader, a CPU, and a RAM to load the computer program stored in
the recording medium into the RAM using the recording-medium reader and to execute the program using the CPU.
[0069] The specifying step may include the following more specific steps: specifying a predetermined threshold tem-
perature; when the difference temperature between the first and second temperature differences is smaller than the
predetermined threshold temperature, specifying correlation information where the first and second temperature differ-
ences increase at different rates with time; and when the difference temperature is greater than the predetermined
threshold temperature, specifying correlation information where the first and second temperature differences increase
at similar rates with time.

[0070] In the above example, the switch board temperature sensor 20 is disposed adjacent to the backlight 3. Alter-
natively, by disposing it in a position remote from the backlight 3, the switch board temperature sensor 20 may be
prevented from being directly influenced by heat (conductive heat or radiant heat) generated by the backlight 3. In this
case, there is no need to specify a correlation in such a manner to correspond to the two stages, unlike in Fig. 4.
[0071] Fig. 9is a graph showing an example of temperature changes in the display device 100 when the switch board
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temperature sensor 20 is disposed in a position where the switch board temperature sensor 20 is not directly influenced
by heat generated by the backlight 3. The temperature inside the casing 1 housing the display panel 2 is derived from
the ambient temperature Te, heat (e.g., conductive heat or radiant heat) generated by the backlight 3, and the convection
inside the casing 1. Immediately after the display device 100 is powered on, the display device 100 is influenced by heat
generated by the backlight 3 to only a very small extent, and the convection in the casing 1 associated with such heat
is also very small. Accordingly, the temperatures Tp and Ts detected by the panel temperature sensor 10 and the switch
board temperature sensor 20 can be regarded as being the same. That is, the first temperature difference ATp and the
second temperature difference ATs can be regarded as being the same.

[0072] Subsequently, heat generated by the backlight 3 raises the temperature Tp detected by the panel temperature
sensor 10. On the other hand, the switching board temperature sensor 20 is not directly influenced by heat generated
by the backlight 3 since it is disposed in a position remote from the backlight 3. For this reason, the temperature Ts
detected by the switching board temperature sensor 20 does not rise abruptly unlike the temperature Tp detected by
the panel temperature sensor 10.

[0073] Subsequently, heat generated by the backlight 3 causes the influence of the convection in the casing 1. Thus,
the temperatures Tp and Ts detected by the panel temperature sensor 10 and the switch board temperature sensor 20
rise with unique time constants tp and ts (tp has a value different from is), respectively.

[0074] The control unit 30 can estimate the ambient temperature Te on the basis of a correlation represented by a
graph as shown in Fig. 9 and the temperatures Tp and Ts detected by the panel temperature sensor 10 and the switch
board temperature sensor 20. That is, if the temperatures Tp and Ts can be detected, (ATp-ATs) can be obtained, and
the ambient temperature Te can be estimated using the correlation between the obtained (ATp-ATs) and the temperature
difference ATs between the temperature Ts and the ambient temperature Te. Thus, it is possible to accurately estimate
the ambient temperature, which influences characteristics (gamma characteristics) of the display panel. Since the cor-
relation is the correlation between time-varying temperature rises with respect to the ambient temperature, it is possible
to accurately estimate the ambient temperature, not only when the display device is placed in a thermally stable state,
but also, for example, when the display device is placed in a thermally transition state after the display device is powered
on. Further, there is no need to dispose temperature sensors in positions which are not influenced by heat generated
by the display device.

[0075] The controlunit30 rewrites the datainthe subsequentLUT 15 onthe basis of the estimated ambient temperature
to correct gradation characteristics of the display panel 2.

[0076] Fig. 10is a graph showing an example of the temperature-dependence of gamma characteristics of the display
panel. In an example of Fig. 10, the output gradation level of the display panel corresponding to the input gradation level
decreases as the temperature of the display panel increases. Note that there are also display panels having temperature
dependence opposite to thatin the example of Fig. 10 (thatis, the output gradation level of the display panel corresponding
to the input gradation level increases as the temperature of the display panel rises).

[0077] The control unit 30 compensates for variations in gradation characteristics resulting from temperature variations
by rewriting the value of the output gradation level corresponding to the input gradation level of the subsequent LUT 15
in such a manner to correspond to the temperature. Thus, the control unit 30 obtains ideal gradation characteristics. It
is ideal to measure the temperature of the display panel itself and then to correct gradation characteristics in such a
manner to correspond to the measured temperature. However, measurement of the display panel itself requires incor-
poration of a temperature sensor into the panel. For this reason, correction of gradation characteristics is performed
using the ambient temperature and the display device-derived temperatures, which can be measured easily. For the
ambient temperature, the temperature estimated using the above method is used. For the display device-derived tem-
perature, the temperature obtained by subtracting the ambient temperature from the panel temperature Tp detected by
the panel temperature sensor 10 is used. For example, correction of gradation characteristics is performed by previously
storing the ambient temperature and the display device-derived temperature at the time point when the output gradation
level is written to the subsequent LUT 15 (at the time of factory adjustment), subsequently obtaining the amount of
gradation-level compensation corresponding to a variation in temperature between that time point and the current time
point, and rewriting the subsequent LUT 15 on the basis of the obtained amount of gradation-level compensation. Thus,
the gradation characteristics or color reproducibility at the time point when the output gradation level has been written
are maintained. As a result, not only when the display device 100 is placed in a thermally transition state, but also when
it is placed in a stable state (thermal equilibrium), it is possible to temperature-compensate display characteristics
(gradation characteristics) to reproduce ideal or desired gradation characteristics or hue.

[0078] In the above embodiment, when the display device 100 is cold-started, the panel temperature sensor 10 and
the switch board temperature sensor 20 may be calibrated. For example, calibration may be performed by simply
subtracting the switch substrate temperature Ts from the panel temperature Tp immediately after power-on of the display
device 100 so that the panel temperature Tp and the switch substrate temperature Ts become equal.

[0079] In the above embodiment, the second temperature sensor is disposed on the switch substrate, which is a
position different from the mounting position of the panel temperature sensor 10 serving as the first temperature sensor.
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However, the second temperature sensor need not necessarily be disposed on the switch substrate and may be disposed
in a different position of the casing, as long as the temperatures can change in a different manner before reaching
thermal equilibrium.

[0080] By incorporating a three-dimensional acceleration sensor or the like into the casing 2, the correlation between
the first temperature difference ATp and the second temperature difference ATs may be changed based on a change
in the vertical or horizontal position of the casing of the display device 100, or a change in the slope of the display screen,
or the like. Thus, even when the temperature change state of the casing is changed due to a change in the vertical or
horizontal position of the casing of the display device 100, a change in the slope of the display screen, or the like, it is
possible to specify an appropriate correlation to obtain the ambient temperature accurately.

[0081] Two or more temperature sensors may be disposed. In this case, the correlation between at least two or all
temperature sensors is previously prepared. The estimation means may obtain the average of obtained multiple ambient
temperatures and then determine this average as the ambient temperature, or may determine the most frequent value
as the ambient temperature.

DESCRIPTION OF NUMERALS
[0082]

100 liquid crystal display device

1 casing

2 display panel

3 backlight

4 operation switch

10 panel temperature sensor
20 switch board temperature sensor
11 signal input unit

12 preceding LUT

13 color control unit

14 unevenness correction unit
15 subsequent LUT

16 display panel drive unit

17 memory

18 backlight drive unit

30 control unit

Claims
1. A display device having a display panel disposed in a casing, comprising:

two or more temperature sensors disposed in different positions;

specification means configured to specify correlation information indicating a correlation between temperatures
detected by the temperature sensors; and

estimation means connected to estimate an ambient temperature on the basis of the correlation information
specified by the specification means and the temperatures detected by the temperature sensors.

2. The display device of claim 1, further comprising a backlight for the display panel,
wherein the specification means specifies one of different pieces of correlation information on the basis of a com-
parison of the temperatures detected by the temperature sensors with a predetermined threshold temperature, and
wherein the estimation means estimates the ambient temperature using the one piece of correlation information
specified by the specification means.

3. Thedisplay device of claim 2, further comprising setting means configured to set the amount of light of the backlight,
wherein
the specification means specifies correlation information using the predetermined threshold temperature corre-
sponding to the amount of light set by the setting means.

4. A computer program for causing a computer to estimate an ambient temperature around a display device having a
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display panel disposed in a casing, the computer program causing the computer to perform the steps of:

specifying correlation information indicating a correlation between temperatures detected by two or more tem-
perature sensors disposed in different positions of the display device; and

estimating the ambient temperature on the basis of the specified correlation information and the temperatures
detected by the temperature sensors.

A computer-readable recording medium, wherein the computer program of claim 4 is recorded in the recording
medium.

A method for estimating an ambient temperature around a display device having a display panel disposed in a
casing, the method comprising:

specifying correlation information indicating a correlation between temperatures detected by two or more tem-
perature sensors disposed in different positions of the display device; and

estimating the ambient temperature on the basis of the specified correlation information and the temperatures
detected by the temperature sensors.

14
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When switch board temperature sensor is not directly influenced by heat generated by backlight.

Temperature Rise of Panel ATD (1)
3) ; e
Y
.2
(ad
o
>
©
(]
Q.
5
|_
Temperature Rlsegof Switch Board ATs (t)
0

Elapsed Time (t)

FIG. 9

22



EP 2 781 901 A1

Output Gradation Level

0 256

Input Gradation Level

FIG. 10

23



10

15

20

25

30

35

40

45

50

55

EP 2781 901 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/064627

A. CLASSIFICATION OF SUBJECT MATTER
GO01K3/14(2006.01)1

According to International Patent Classitication (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO1K3/14, GO1K7/00, GO2F1/133

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2012

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2012
1994-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2010-101741 A (Nikon Corp.), 1-6
06 May 2010 (06.05.2010),
entire text; all drawings
(Family: none)
A JP 2011-27644 A (Panasonic Electric Works Co., 1-6
Ltd.),
10 February 2011 (10.02.2011),
entire text; all drawings
(Family: none)
A JP 2004-125695 A (Hitachi Cable, Ltd.), 1-6
22 Rpril 2004 (22.04.2004),
entire text; all drawings
(Family: none)

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

20 August, 2012 (20.08.12) 28 August, 2012 (28.08.12)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

24




10

15

20

25

30

35

40

45

50

55

EP 2781 901 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/064627

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to ¢laim No.

A JP 10-253946 A (Ricoh Co., Ltd.),
25 September 1998 (25.09.1998),
entire text; all drawings

(Family: none)

14 August 2003 (14.08.2003),
entire text; all drawings
& US 2005/0207469 Al
& AU 2003219737 A

A US 2004/0125853 A1l (Ming-Feng Yu),
01 July 2004 (01.07.2004),
entire text; all drawings
& US 2005/0099631 Al

A US 2003/0152132 Al (Kevin P. Pipe),

& WO 2003/069377 A2

& TW 232296 B

1-6

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

25




EP 2 781 901 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 10253946 A [0005]

26



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

